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Is there an association between shift work and
having a metabolic syndrome? Results from a
population based study of 27 485 people

B Karlsson, A Knutsson, B Lindahl

Abstract

Objectives—To explore how metabolic
risk factors for cardiovascular disease
(CVD) differ between shift workers and
day workers in a defined population. Shift
work has been associated with an in-
creased risk of CVD. Risk factors and
causal pathways for this association are
only partly known.

Methods—A working population of 27 485
people from the Visterbotten intervention
program (VIP) has been analysed. Cross
sectional data, including blood sampling
and questionnaires were collected in a
health survey.

Results—Obesity was more prevalent
among shift workers in all age strata of
women, but only in two out of four age
groups in men. Increased triglycerides
(>1.7 mmol/l) were more common among
two age groups of shift working women but
not among men. Low concentrations of
high density lipoprotein (HDL) choles-
terol (men<0.9 and women<1.0 mmol/l)
were present in the youngest age group of
shift workers in both men and women.
Impaired glucose tolerance was more
often found among 60 year old women
shift workers. Obesity and high triglycer-
ides persisted as risk factors in shift work-
ing men and women after adjusting for age
and socioeconomic factors, with an OR of
1.4 for obesity and 1.1 for high triglyceride
concentrations. The relative risks for
women working shifts versus days with
one, two, and three metabolic variables
were 1.06, 1.20, and 1.71, respectively. The
corresponding relative risks for men were
0.99, 1.30, and 1.63, respectively.
Conclusions—In this study, obesity, high
triglycerides, and low concentrations of
HDL cholesterol seem to cluster together
more often in shift workers than in day
workers, which might indicate an associ-
ation between shift work and the meta-
bolic syndrome.

(Occup Environ Med 2001;58:747-752)
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Shift work is associated with coronary heart
disease (CHD)." Different mechanisms for this
association have been discussed. One model
suggests three independent pathways to dis-
ease: (a) a mismatch of circadian rhythms, (b)
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Main messages

® Shift work could induce increased body
mass index.

® Shift work could induce disturbances in
serum lipids.

Policy implications

® In health examinations of shift workers
should examination of body mass index
and serum lipids, especially triglycerides
and HDL cholesterol be considered?

behavioural changes, and (¢) social distur-
bances.” Much of the research has been
focused on lifestyle factors but recent findings
indicate that metabolic disturbances also could
be the result of an explicit disruption of circa-
dian rhythmicity. An experimental study by
Hampton et al’ showed that the postprandial
glucose concentrations were higher after a meal
when the circadian rhythm was phase shifted. A
more complex diurnal metabolic regulation has
also been suggested involving the pattern of
sleep debt, indicating that the quality and
duration of sleep could impact on metabolic
and endocrine function.'’ Epidemiological
studies have also shown that shift work could
lead to acute metabolic disturbances. Theorell
and Akerstedt® showed that night work led to
changes in the concentrations of serum glucose
and serum lipids that returned to normal upon
return to day work. Other studies have reported
increased concentrations of serum triglycerides
in shift workers.'

The findings on disturbances in glucose and
serum lipids raises the question whether shift
work could induce insulin resistance—a low-
ered sensitivity in muscle, liver and fat cells to
the actions of insulin—which is the underlying
cause for the metabolic syndrome. The distur-
bances comprising the metabolic syndrome are
obesity (especially abdominal fat accumula-
tion), dyslipidaemia with high triglycerides and

Table 1  Distribution of participants (classification
according to age and work schedule)

Women Men
Age (v) Shift Day Shift Day
30 971 1309 763 1422
40 1497 3180 1161 3002
50 1301 3499 944 3401
60 863 1869 409 1894
Total numbers 4632 9857 3277 9719 27485
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Table 2 Prevalences of metabolic risk factors among women in the VIP study (shift workers and day workers compared in each age group)

Age group

60

50

40

30

Day

Shift Day Shift

Day

Shift

Day

Shift

Characteristic

434/1703
75/551

242/807 25.5%

38/294

30.0

560/3172
96/887

17.7

214/1195
55/375

17.9

277/2887
92/679

9.6%**
13.5

193/1411
61/372

13.7

99/1149
25/292

8.6

77/886
42/230
24/957
6/971

8.7
18.3

Triglycerides >1.7 (%)

13.6

2.9
39.9

10.8(%)
23.4

14.7

16.4

8.6%**

Low HDL cholesterolt (%)

Hypertensiond (%)

690/1835
89/1865

37.6

337/844
37/861

803/3432
69/3498

313/1281
27/1301

251/3134 24.4

30/3178

135/1476
18/1497
62/1489

9.1

46/1283

4.8
10.3*

4.3
13.2

2.0

2.1

0.9
3.3
3.2

1.2
4.2
4.1

12/1308
45/1306

0.6
3.4

Fasting plasma glucose =7.0 (%)
2 h glucose =8.9-12.1§ (%)

IGT proportiony (%)

190/1837
177/1860

112/846
106/860

212/3477
204/3495

74/1297

5.7
5.2

105/3164
102/3173

3.4

33/962
33/968

9.5%

12.3

5.8

68/1300

61/1496

42/1308

3.4
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low high density lipoprotein (HDL) cholesterol
concentrations, hypertension, and a low fibri-
nolytic activity.” Often the syndrome includes
impaired glucose tolerance. Metabolic syn-
drome is a common disorder. The prevalence
in the north of Sweden is 17% among men.*
There is strong evidence showing that the
metabolic syndrome is a risk factor for CHD.’
If shift work increases the risk of metabolic
syndrome, this could be a possible link,
explaining the association between shift work
and CHD. The aim of the present epidemio-
logical study was to investigate whether shift
work is associated with metabolic disturbances,
hypertension and impaired glucose tolerance,
which all are parts of the metabolic syndrome.

Methods
STUDY POPULATION
The Visterbotten intervention programme is
an ongoing programme aimed at preventing
cardiovascular disease and diabetes in the
county of Visterbotten in the north of Sweden.
As a part of this programme all men and
women have been invited to a health survey at
the age of 30, 40, 50, and 60 years. Since 1985
about 80 000 subjects have been invited. The
participation rate over several years in Véster-
botten has varied between 50% and 60% of
eligible people. During the period 1992-7, a
total of 39 977 health examinations were
accomplished within the programme. People
with missing or incorrect data in the main vari-
ables of this study (body weight, height, fasting
glucose, and 2 hour glucose) were excluded
(n=3189). Also, only subjects currently in per-
manent work, temporary work, or self em-
ployed at the time of health examination were
to be included in the study. A total of 27 485
people fulfilled these criteria and comprised
the present analysis (table 1).

DATA COLLECTION

A total of 48 examination teams were used in
the sampling procedure. Only four teams con-
ducted less than 100 health surveys. All
participants in the study filled out a question-
naire with questions about working conditions,
smoking habits, diet, and level of physical
activity.

Shift workers were defined as answering yes
to the question: “do you have shift work, or do
you work during weekends?” Blood pressure
was measured in the supine position after 5
minutes rest.

Hypertension was defined as having a systo-
lic blood pressure above 160 mm Hg or a
diastolic blood pressure of more than 90 mm
Hg or answering yes about being on antihyper-
tensive medication. Body weight was measured
in light indoor clothing and recorded to the
nearest kg. Height was measured to the nearest
centimetre without shoes. Body mass index
(BMI) was calculated as weight (kg) divided by
height squared (m*). Those with a BMI of 30
or more were classified as obese.

A simplified oral glucose tolerance test was
performed on all participants according to the
World Health Organisation (WHO) standard,
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Table 3  Prevalences of metabolic risk factors among men in the VIP study (shift workers and day workers compared in each age group)

Age group

60

50

40

30

Day

Shift

Day

Shift

Day

Shift

Day

Shift

Characteristic

379/1367
115/559

818/1868
113/1892
156/1840
138/1882

7

100/326 27

42/151

30.7

831/2472
192/950

3.6

598/2100 36.2 270/746 3

28.5(*%)

277/879
67/334

31.5

178/886
66/369

20.1

121/541
51/191
55/756
6/763

22.4

Triglycerides >1.7 (%)

20.6(%)
43.8

27.8

20.2

56/314
271/940
35/944
40/932
35/943

17.8

147/744
362/2955

37/2999

19.8

20.1
15.5

17.9%

26.7

Low HDL cholesterolt (%)

Hypertensiont (%)

179/405
25/409
29/398
27/407

44.2

974/3350
109/3399
138/3358
119/3393

29.1

28.8

12.3**
1.2

2.0
1.8

177/1145
25/1160

80/1404

5.7
0.9
1.2
1.2

6.1

3.2
4.1

3.7
4.3

2.2
1.7
1.4

13/1422
17/1417

0.8
0.5

Fasting plasma glucose =7.0 (%)
2 h glucose =8.9-12.1§ (%)

IGT proportiony (%)

8.5

7.3
6.6

61/2984

20/1153

7.3

3.5

3.7

53/2996

16/1160

17/1422

4/763

0.5

< -
o 0
00 00
T~
IS
N
Q==
maQ
S 0O
=
o~
oo
T 0
nao
N o F
o~
o~ O
—
—
1SN
I
QO ~
NS
A 0
0N —~ 0
x
e
o F O
o
M -
Qﬂ“
=2
— 0
- < O
+ o~
A F O
—
N
o
g2
(=N
@ Qo
Sl =]
N oA
x
x
x x
=0
~ AN
—_
© o
— O
= —
(=N
ST in
O~
— 00—
= 4
R
o E2
SESRN g
— L
0 :o©
]
%"pﬁbﬁ
o | .8
'UF‘C!\_%
NES “58“’.:
a —~ = [E
¥ AR
oo PR
= 7
S O« S0 8o
R =~ 5= 58g
&9 E°D
5= 0 O
g9 8
x -
S 584
X §285
S~ e 2 o
=10 S0 80
‘A L O =
38273
Y
o S
- op g 8
23 TEEY
S8 g 5as
=S~ E g A
(=} <
JEZE
FEES
%o HESE
o on Q!l.-ﬁg
- 2558
g
. .2 w83
~|2=288° 4
g |33TRS
& I
< e S 32 Ex
g QEwgao
S|refsie
S XS gmt
E |V Ea oA
g — g V o
S fao% o 2
= R R
S |SE9ag3
Se|VYorsosB
oXNo | HENCESH
SYe [ SaEw
D it B IR - I s
o—:O *o’UH &
Nfa |by.2g§ews
_ 0 =
NgT eV g 8eE
o o S8 at g
=Loc [SIR7) @n ©
ZE5 | L2agat
MAFE | xR HSa1

www. occenvmed. com

749

using a 75 g anhydrous glucose load and meas-
uring plasma glucose after 2 hours.'® All stimu-
lated (2 hour) glucose concentrations were
measured on capillary plasma with Reflotron
bench top analysers (Boehringer Mannheim
GmbH, Mannheim, Germany). As 2 hour glu-
cose measurements in capillary plasma yield
higher values (on average 1.1 mmol/l) than in
venous plasma, impaired glucose tolerance has,
in agreement with WHO standards,” been
defined as a 2 hour plasma glucose of more
than or equal to 8.9 mmol/l and less than 12.2
mmol/l.

Those who had values equal to or above 12.2
mmol/l in their 2 hour plasma glucose, or fast-
ing plasma glucose equal to or above 7.0
mmol/l, or answered yes to the question about
being diabetic, were defined in this study as
having diabetes mellitus.

Total cholesterol and triglyceride concentra-
tions were measured at the time of the health
survey on fresh fasting plasma by the use of
Reflotron bench top analysers," whereas
plasma for measurement of HDL cholesterol
was sent to a nearby hospital for analysis. The
HDL cholesterol was measured after precipita-
tion of the other lipoproteins with sodium
phosphowolframate/magnesium chloride.
Sampling for plasma triglyceride and HDL
cholesterol concentrations was optional and
conducted in 65% and 26% of the subjects,
respectively.

Triglyceride values >1.7 mmol/l and HDL
cholesterol <0.9 mmol/l in men and <1.0
mmol /I in women were defined as a metabolic
risk.

Duration of education was used as a proxy
for socioeconomic situation. Low education
was defined as <9 years, middle as 10-12
years, and high education as =13 years of
school training.

The research ethics committee at Umea
University approved the study, and the Na-
tional Computer Data Inspection Board ap-
proved the data handling procedures.

STATISTICAL ANALYSIS
The SPSS version 10.0 was used. Pearson’s °
test and students z test were used for comparing
proportions and continuous variables respec-
tively. Multiple logistic regression was used for
multivariate analyses. Age adjustment was
accomplished with direct standardisation.

Results

High BMIs were more prevalent in nearly all
groups of shift workers irrespective of age and
sex (table 2 and 3). Among shift workers low
HDL cholesterol concentrations were found in
the youngest age groups in both sexes. Triglyc-
erides were higher among shift workers in 40
year old men and women, as well as in 60 year
old women. The proportion with impaired glu-
cose tolerance among shift working 60 year old
women was significantly higher than among
corresponding day working women. The total
cholesterol concentration was higher in shift
working women in all but the youngest age
group.
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Figure 1 Age adjusted prevalence of number of metabolic
risk factors (obesity, hypertension, and high triglycerides)
among shift working and day working women.

XXX <0.0001.
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Figure 2 Age adjusted prevalence of number of metabolic
risk factors (obesity, hypertension, and high triglycerides)
among shift working and day working men.

X <0.0001.

Hypertension was more common among 40
year old men working shifts than among corre-
sponding day workers.

Having two or more of the three metabolic
risk factors (obesity, hypertension, and high
triglycerides) simultaneously were, after ad-
justment for age, significantly more common in
both men and women working shifts as
illustrated in figures 1 and 2. The relative risks
for shift working versus day working women
with one, two, and three metabolic variables
were 1.06, 1.20, and 1.71, respectively. The
corresponding relative risks for men were 0.99,
1.30, and 1.63, respectively.

In table 4, multiple logistic regression analy-
ses were used to estimate the relative risks of
obesity, low HDL cholesterol, and high triglyc-
eride concentrations in shift workers compared

Karlsson, Knutsson, Lindahl

with day workers after adjustments were made
for age and socioeconomic situation. Increased
odds ratios were found for both women and
men who worked shifts for BMI and high trig-
lyceride concentrations and this risk increase
persisted after adjusting for both age and
socioeconomic factors. In women, the crude
relative risk for low HDL cholesterol was also
significantly increased and persisted after
adjusting for age and socioeconomic factors
(table 4).

Discussion

This study showed that obesity was more com-
mon in shift workers than in day workers
among both men and women. This finding
persisted after adjustment was made for age
and socioeconomic status. A recent review
article summarising previous studies have
yielded inconsistent results." Our results are in
agreement with the results in two earlier cohort
studies on nurses."? "> Furthermore, a Danish
cohort study on men aged 40-59 years also
found an association between shift work and
increased body weight after controlling for
socioeconomic factors."* However, Nakamura
et al” did not find any differences in body
weight comparing day workers and shift work-
ers, but workers in a three shift rotation had
increased abdominal to hip ratio, indicating a
higher proportion of central obesity among
shift workers. A possible explanation for this
could be insufficient adjustment for possible
confounding variables—for example, socioeco-
nomic factors. Another possibility is that the
duration of follow up could influence the
change of body weight as suggested by van
Amelsvoort.*

He found that the initial reaction when a
person starts to work shifts could be a weight
decline, but the reaction in the long run could
be a weight gain. Taken together, inconsistent
results from previous studies could also be due
to different durations of follow up.

Increased concentrations of triglycerides
were also more commonly reported in shift
workers. In a recent review article, increased
concentrations of triglycerides among shift
workers compared with day workers were
reported in four out of 12 studies.' One reason
for the inconsistencies could be the large varia-
tion of circadian rhythm for triglycerides and
that the individual blood samples were
measured at different times."”

Low HDL cholesterol is associated with an
increased risk of heart disease.” In the present
study low HDL cholesterol was found among

Table 4  Relative risk of obesity, low HDL cholesterol and high triglycerides associated with shift work (results of multiple logistic regression)

Relative risk of high BMI (obesity)

Relarive risk of low HDL cholesterol

Relative risk of high triglycerides

Women Men Women Men Women Men
Predictor OR*  95%CI OR*  95%CI OR*  95%CI OR* 95%CI OR*  95%CI OR* 95%CI
Shift workt 1.41 1.26 to 1.57 1.44 1.27t0 1.63 134 1.10to 1.63 1.13  0.94t0 1.35 1.12 1.01 to 1.23 1.09  0.98t0 1.20
Shift workf 1.47 1.31to 1.63 1.52 1.34t0 1.73 134 1.10to 1.63 1.14 0.95t0 1.36 1.19 1.08 to 1.32 1.14 1.03to 1.26
Shift work§  1.39 1.25t0 1.55 144 1.27to01.64 1.26 1.03 to 1.53 1.15 0.96to0 1.38 1.13 1.02 to 1.25 1.12  1.01to1.24

*Qdds ratio obtained through multiple logistic regression.

+Crude odds ratio.
$0dds ratio adjusted for age.

§Odds ratio adjusted for age and socioeconomic group.

www. occenvmed.com
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shift workers in the youngest groups of both
sexes. In women, the risk of having low HDL
cholesterol persisted after adjustment for age
and socioeconomic factors. This finding is new
as earlier studies have not confirmed a lower
HDL cholesterol concentration among shift
workers.'®** Normally, HDL cholesterol is at
its lowest in the morning, but this may not
always be the case as the HDL cholesterol is
also known to vary considerably within and
between people.”” This may be a confounding
factor especially when combined with difficulty
in measuring shift exposure accurately.

We found no difference in the prevalence of
hypertension when comparing shift workers
and day workers. These results are consistent
with previous studies.'

The prevalence of subjects with impaired
glucose tolerance was higher among women
than men. In the oldest age group of women,
impaired glucose tolerance was more common
in shift workers than in day workers. One pre-
vious study has considered the issue of glucose
intolerance among male factory workers, but
this study did not report any data of glucose
intolerance relative to shift work.”

In our study, there was no difference in the
prevalence of diabetes mellitus between day
workers and shift workers. However, Kawachi
et al” found a clear relation between duration
of shift work and diabetes in a cohort study of
79 109 female nurses. Mikuni ez al*' reported a
significantly higher prevalence of diabetes
among people working a three shift rotation
than among day workers. In an Austrian study
comparing day workers and shift workers the
morbidity of endocrine and metabolic diseases
was increased especially in old shift workers.
Subjects with considerable previous exposure
to shift work had higher morbidity of endocrine
and metabolic disease than day workers, but
the prevalence of diabetes was not specifically
reported.”

Our results showed no difference in preva-
lence of diabetes between shift workers and day
workers. This could be due to the study design.
Cross sectional studies have a tendency to
underestimate chronic diseases—for example,
cardiovascular disease and diabetes due to
selection effects. Shift workers who have
chronic cardiovascular or metabolic diseases
are often transferred to day work.

A limitation of the study is the definition of
exposure to shift work. The participants were
defined as shift or day workers after answering
yes or no to one single question in the
questionnaire:”do you have shift work or week-
end work?” This question is rather weak and
imprecise. It does not bring any information
about day to day pattern of shift work,
frequency of night work, type of rotation, or
duration of shift work. Against this it could be
argued that the broad definition does not
introduce bias in the results, only a possible
underestimation of the risk estimates. Previous
epidemiological research has often used the
broad definition to describe working hours
other than regular work, or a work schedule
which includes abnormal working hours.”

www. occenvmed. com
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Despite a broad definition significant associa-
tions between exposure to shift work and nega-
tive health outcomes have been shown, for
example in the study by Tenkanen er al** A
reason for this could be that we are dealing with
different, but parallel, mechanisms linking shift
work to disease. One mechanism could be a
direct impact of the disturbance of circadian
rhythm associated with shift work. Another
could be a stress reaction due to the disruption
of a normal social life.

The main strengths of this study are its
power due to many observations and that we
have had access to socioeconomic variables. We
must remember that low socioeconomic status
is a potential confounder when studying the
associations between shift work and diabetes.
The social selection bias of the participants in
the Visterbotten intervention programme
study has earlier been examined and found to
be marginal. Weinehall ez al”® examined the
potential socioeconomic differences between
participants and non-participants through a
record linkage between all workers invited to
the 1992 and 1993 health surveys and the 1990
population and housing census in Sweden.
Unemployment, low income, and younger age
tended to be associated with a lower preference
to participate.

Is it possible from our data to draw the con-
clusion that shift work is associated with the
metabolic syndrome? Recently, the metabolic
syndrome was defined as having a disturbance
in the glucose-insulin axis, (type 2 diabetes,
impaired glucose tolerance, or insulin resist-
ance) in combination with two of the following
criteria; high triglycerides or low HDL choles-
terol, increased blood pressure, central obesity,
or BMI=>30, and microalbuminuria.*

In the present study it was not possible to
estimate insulin resistance. The consequence
of this was that an assessment of the glucose-
insulin axis could be made in only a few
participants—namely, those having impaired
glucose tolerance or diabetes. This severely
limited our chance to use the new definition of
the metabolic syndrome on the whole study
population. However, our study does show that
the important metabolic risk variables of obes-
ity, raised triglyceride concentrations, and low
HDL cholesterol concentrations are more
common in shift workers than in day workers.
Furthermore, these metabolic risk variables,
characteristic of the metabolic syndrome, clus-
ter together in shift workers. This may indicate
that shift work is associated with the metabolic
syndrome.

This study was supported by the Visterbotten County Council
and the Swedish Public Health Institute. We thank Lars Weine-
hall for valuable contributions.
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Vancouver style

All manuscripts submitted to Occup Environ
Med should conform to the uniform require-
ments for manuscripts submitted to biomedi-
cal journals (known as the Vancouver style.)

Occup Environ Med, together with many
other international biomedical journals, has
agreed to accept articles prepared in accord-
ance with the Vancouver style. The style
(described in full in the FAMA([1]) is intended
to standardise requirements for authors, and is
the same as in this issue.

References should be numbered consecu-
tively in the order in which they are first men-
tioned in the text by Arabic numerals on the
line in square brackets on each occasion
the reference is cited (Manson[1] confirmed
other reports[2][3][4][5]). In future ref-
erences to papers submitted to Occup Environ
Med should include: the names of all

authors if there are three or less or, if there are
more, the first three followed by ez a/; the title
of journal articles or book chapters; the titles of
journals abbreviated according to the style of
Index Medicus; and the first and final page
numbers of the article or chapter. Titles not in
Index Medicus should be given in full.

Examples of common forms of references
are:
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Soter NA, Wasserman SI, Austen KF. Cold urticaria:
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Weinstein L, Swartz MN. Pathogenic properties of invad-
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